INTRoduCTIoN
The National Institute for Health and Care Excellence (NICE) Medical Technologies Evaluation Programme (MTEP) was established in 2009 with the intention of simplifying access and speeding up the implementation of new medical devices and diagnostic technologies as well as encouraging collaborative research into their clinical utility and healthcare system benefits. 1 2 A number of technologies selected by MTEP for evaluation over the last 9 years have been relevant to cardiovascular clinical practice, and their guidance preparation has highlighted important clinical messages and provided challenges for the evaluative process and opportunities for programme development.
Professional societies play a vital role in notifying medical technologies to NICE for possible evaluation. Clinicians are well placed to understand where there may be uncertainties in the case for adoption of medical technologies into clinical practice. NICE selects technologies for evaluation if they offer plausible additional benefits to patients and the healthcare system. The size of the patient population and the impact of the underlying condition on quality of life or life expectancy are also considered. The cost of the technology is material to the decision to produce guidance to avoid the National Health Service (NHS) investing in technologies that are not cost-effective. There is no defined evidentiary threshold for a technology to be selected for NICE guidance, but there must be sufficient evidence to substantiate the claimed benefits. 3 In order to enhance the relevance of its medtech guidance and to address areas of unmet need, NICE is developing its topic selection function further by introducing a new entity known as MedTechScan, which will be launched in autumn 2018.
If a technology is selected, the optimal route of assessment is chosen from the different NICE programmes to ensure that guidance is appropriate for the value proposition offered by the technology and the evidence available. For example, if a technology is likely to offer clinical benefit but is cost incurring, evaluation may be undertaken using an assessment of relative cost-effectiveness by the Diagnostics Assessment Committee or Technology Appraisal (TA) Programme. An understanding of the different NICE programmes is helpful to appreciate the context and purpose of different NICE guidance documents (table 1) .
Medical technologies guidance (MTG) is prepared by the Medical Technologies Advisory Committee (MTAC), which evaluates clinical and cost benefits, the latter assessed using cost minimisation methodology from the perspective of the whole healthcare system. The MTAC processes address well-recognised challenges associated with medical device assessments. The evidence base available is often limited so that MTAC adopts a permissive approach that allows the consideration of unpublished as well as published information. Technical considerations are often important so that clinical evidence may be supported by technical evaluations undertaken by the manufacturers or by independent external assessment centres. Since the performance of medical devices is variably linked to the skill of the operator as well as to technical factors, NICE depends heavily on advice provided by experts to understand this relationship as well as to resolve uncertainties that often emerge around conflicting evidence. After consideration of all the sources of evidence, the case for adoption is supported if there is sufficient evidence to indicate superior clinical efficacy at an equivalent or reduced cost, or equivalent clinical efficacy in the face of cost savings. Partial support for adoption may result from the presence of equivocal evidence of clinical superiority or cost saving and recommendations may also encourage research into important areas of residual uncertainty. There have been 7 out of a total of 33 MTGs published for technologies that are relevant to the heart or circulation (table 2) . MTG1 supported the adoption of the SeQuent Please balloon catheter for the treatment of in-stent restenosis (ISR) having concluded that the technology was clinically superior to paclitaxel-eluting stent implantation in reducing the need for reintervention. The guidance also acknowledged, however, that further research was required to compare SeQuent Please with other drug-eluting balloon catheter and stents and recommended that studies be undertaken to include longer term clinical outcomes. The management of ISR has changed significantly since MTG1 was published in 2010, 4 and paclitaxel-eluting stents are no longer used in routine clinical practice. An updated evidence review was therefore recently undertaken that included an assessment of the SeQuent Please balloon catheter compared with comparators that are more relevant to current practice than paclitaxel-eluting stents. This was the first opportunity for MTEP to exercise its ability to update published MTG in the face of a substantially new evidence base, which is a common feature of innovative technologies. There were 37 studies identified that offered new information about the role of SeQuent Please in the management of ISR, including 2 systematic reviews and meta-analyses and 17 reports of randomised controlled trials. These are summarised in supporting documents considered by MTAC that are on the NICE website. It was concluded that the SeQuent Please balloon is now established in managing ISR alongside other drug-eluting balloons and second-generation drug-eluting stents. The expansion in the evidence base that was recommended in the original guidance has come to fruition, with the publication of new well-planned and executed clinical studies. The objectives of the original MTG1 to promote the adoption of, and further research into, a promising medical technology have been achieved, and consideration can now be given by NICE and other professional bodies for the inclusion of this technology in relevant clinical guidelines.
Review
MTG32 supported the adoption of HeartFlow FFRCT for estimating fractional flow reserve from coronary CT angiography in patients with chest pain of possible ischaemic aetiology. It concluded that when used in conjunction with 64-slice (or above) CT coronary angiography imaging, the addition of this coronary physiology simulation software achieves a high level of diagnostic accuracy that means that other non-invasive testing, invasive coronary angiography and revascularisation can be avoided in some patients. These potential clinical benefits are accompanied by anticipated cost savings if high-quality CT angiographic facilities are already available. Following NICE's recommendation, HeartFlow FFRCT has been endorsed by NHS England for fast-tracking into the NHS using the Innovation and Technology Payment programme, with the 15 Academic Health Science Networks across England taking responsibility for local adoption.
MTG33 supported the use of ENDURALIFE-powered cardiac resynchronisation therapy-defibrillator (CRT-D) devices in patients with heart failure when implantation followed the recommendations of TA 314 on implantable cardioverter defibrillators and cardiac resynchronisation therapy for arrhythmias and heart failure published in June 2014. This recommendation was made on the basis of the published evidence that indicated clinical and system benefits of extended CRT-D battery life in reducing replacement procedures. The guidance acknowledged that other competing technologies may offer similar advantages and that advances in CRT-D technology other than battery chemistry have the potential to reduce battery depletion. Nonetheless, the guidance emphasised the importance of publishing clinical outcome studies in patients receiving CRT-Ds made by all manufacturers. This would provide insights into the longevity of different CRT-Ds in real-world UK clinical practice. In this regard, MTAC was informed of a large volume of data possessed by the National Institute for Cardiovascular Outcomes Research relating to CRT-Ds implanted in the NHS since 2008 and proposed that analysis and publication of these data may provide valuable information about the longevity of different devices.
MEdTECh INNovATIoN bRIEFINGs (MIbs)
MIBS are published by NICE to provide evidence-based advice to those considering the implementation of new medical devices or diagnostic technologies. Out of a total of 132 published, 23 relate to the heart or circulation (table 3) .
The MIBs are commissioned by NHS England to support a strategy for adopting innovative medical technologies and are authored with the input of specialist commentators with knowledge of the technologies and their impact on patient care. The MIBs summarise the technology as well as describe its use in clinical practice. A summary of the relative merits of the clinical evidence and the costs associated with use of the technology is provided, but MIBs do not constitute NICE guidance and do not contain judgements or recommendations about the use of the technology in clinical practice. The intention is to provide information about innovative technologies that will assist decision making and avoid duplication, but the content may also be of interest to patients and members of the public. Technologies are selected for MIB publication if they are novel or represent an innovative iteration of a previous technology. Selected technologies are usually at a relatively early stage of evidence generation so that the preparation of an MTG would either be inadvisable or difficult. 
Review

DG14
Atrial fibrillation and heart valve disease: self-monitoring coagulation status using point of care coagulometers (the CoaguChek XS system).
September 2014
DG15
Myocardial infarction (acute): early rule out using high-sensitivity troponin tests (Elecsys Troponin T high-sensitive, ARCHITECT STAT High Sensitive Troponin-I and AccuTnI+3 assays).
October 2014
for diagnostic technologies is often lower in quantity and quality than for pharmacological products because of the relatively low regulatory requirements. Out of 31 DGs published, three relate to the heart or circulation (table 4) . DG3 recommended the use of four new generation cardiac CT scanners (Acquilion OVE, Brilliance iCT, Discovery CT750 HD and Somatom Definition Flash) as options for coronary imaging in people with suspected coronary artery disease (CAD) or to determine disease progression or the need for revascularisation in people with known CAD. This guidance is particularly relevant to patients in whom imaging with earlier generation CT scanners is difficult. The new generation scanners possess enhancements as compared with their predecessors that include better temporal and/or spatial resolution and shorter acquisition times. The scope of the evaluation was limited to scanners that, although technically different, were considered to be broadly comparable for cardiac imaging. This guidance was first published in January 2012 and was updated in July 2017 and provides helpful advice to providers in planning chest pain and cardiac imaging services. This is timely in view of the prominent role proposed by NICE CG95 for CT coronary angiography in the diagnosis or exclusion of atheromatous CAD in patients presenting with chest pain.
DG15 recommended the use of two high-sensitivity troponin assays (The Elecsys Troponin T and ACHITECT STAT) for the early rule-out of non-ST-segment elevation myocardial infarction (NSTEMI) in people presenting with chest pain and suspected acute coronary syndrome. The two assays are recommended for use with early 'rule-out' protocols that typically require blood sampling at presentation and 3 hours late. This guidance emphasised the importance of interpreting the results in the context of overall clinical circumstances. Important factors highlighted include an understanding of the pretest probability of NSTEMI, the length of time since the suspected acute coronary syndrome, the possibility of chronically elevated troponin levels in some patients and the fact that the 99th percentile thresholds for troponin I and T may differ between the sexes. DG15 was published in October 2014, and the recommendations were adopted in CG95 on the assessment and diagnosis of chest pain of recent onset when it was updated in November 2016. The conclusions of DG15 supported a change in clinical practice that has subsequently been adopted more widely for the 'rule-out' of myocardial infarction in patients presenting with chest pain. 5 In addition to providing clinical recommendations, DG15 described the laboratory characteristics of the two assays in detail, which will support service providers in determining which assay may best suit their local requirements. The guidance provides advice to clinicians about practical steps that should be taken to carry out the procedure safely and effectively as well as when it is reasonable to do so. The IPG therefore highlights matters relating to clinical governance, patient consent, procedural and clinical outcome data collection and provides information about the balance of risks and benefits associated with undertaking the procedure. It is not the remit of the programme to determine the cost-effectiveness of interventional procedures or to make recommendations about whether the procedure should be commissioned but the information provided will guide local decision making. Since July 2003, IPAC have published over 600 IPGs of which 73 relate to the heart or circulation, and these are on the NICE website. While it is not possible to reference all these documents in this paper, the recent IPG on transcatheter aortic valve implantation (TAVI) provides a good example. IPG 586 was published in July 2017 and concluded that the current evidence on safety and efficacy of TAVI for aortic stenosis is adequate to support its use provided that standard arrangements are in place for clinical governance, consent and audit. In keeping with other national guidelines, 6 the recommendations indicated that patient selection should be carried out by a multidisciplinary team that determines the risk for each patient and the TAVI device most suitable for them. It also specified that procedural details should be entered into the UK TAVI Registry.
Review
NICE publishes TA Guidance for single or multiple technologies, including a recently introduced fast-track appraisal for those that offer exceptional value for money. The publication of a TA follows a request from the Department of Health and potential topics for TA assessment are mostly identified by the National Institute for Health Research Innovation Observatory. Suitable technologies include those that are likely to offer health benefits or contribute to health-related government policy but where implementation is likely to be cost incurring. The appraisal comprises an evidence-based assessment of clinical and cost-effectiveness, and recommendations about adoption result from a consideration of possible health benefits as well as the opportunity costs associated with the displacement of other treatments. There have been seven TAs published for medical devices that relate to the heart or circulation (table 5) .
The relatively small number of cardiac device-related TAs is reflective of the current priority of the programme to use resources most effectively in publishing guidance on pharmacological technologies where the cost implications of adoption across the NHS are usually considerably greater than for medical devices and where (because of regulatory requirements) the published evidence is often of high quantity and quality to support an assessment of comparative effectiveness. NICE Guidelines (NG) (published as Clinical Guidelines (CG) before January 2015) provide evidence-based summaries of the diagnosis and management of specific clinical conditions, clinical or social circumstances. All the guidance documents described above may be considered in the evidence base that supports NG preparation. The emphasis, however, is on the description of the whole care pathway in which medical devices and diagnostic technologies may play a part.
Wider NICE considerations
There are a number of important principles that are common to all NICE programmes. NICE recommendations are based on the best available evidence that is considered by independent multidisciplinary committees with the input of additional clinical and patient experts. Clinical experts from the cardiovascular professional community have played a pivotal role in ensuring the quality of the guidance documents summarised in this review. Engagement between NICE and the cardiovascular professional societies is integral to the success of NICE guidance preparation and implementation. Public engagement is also of the utmost importance and, to support transparency, NICE's Committee meetings are held in public, apart from the discussion elements that involve commercially sensitive or other confidential matters. Draft guidance recommendations are subject to public consultation before being finalised and published on the NICE website, alongside the evidence base supporting the guidance. The publication of guidance on medical devices also requires full engagement by NICE with the healthcare industry and individual companies. This collaboration is built on the need for mutual trust and respect.
To avoid inconsistency in its recommendations, NICE teams actively coordinate guidance on emerging technologies with guidelines on clinical conditions, and this ensures that the most up-to-date evidence is available. A good example of this is provided by the emerging role of CT coronary imaging in the assessment of patients with chest pain. The timing of the publication of MTG32 on Heartflow FFRCT in February 2017 was planned to follow the update of the NG on the assessment and diagnosis of chest pain of recent onset (CG95), which was published in November 2016. While CG95 recommended that 64-slice CT coronary angiography should be offered as the first-line investigation of patients with stable typical or atypical Review anginal chest pain, MTG32 recommended that the addition of HeartFlow software in analysing the images provides the opportunity for additional clinical as well as system benefits. Both the MTG and the guideline will be reviewed by NICE to track any new emerging evidence as part of a cycle that is usually 3 years in duration. NICE is able to update guidance more frequently if new evidence has a substantial impact on existing recommendations, and professional bodies and clinicians may approach NICE if they are aware of new influential evidence emerging at an earlier date than our planned review dates, which are on the website pages.
Adoption is integral to the success of published NICE guidance, and the publication of guidance documents is accompanied by a variety of tools and programmes to support implementation, all of which are on the NICE website. The NHS funding of treatments recommended by the TA programme is normally obligatory within 3 months of publication (unless specific barriers are identified) in England and Wales. None of the other guidance documents are subject to the same legal obligations. Most importantly, healthcare professionals are instrumental in ensuring that NICE recommendations are followed to facilitate the highest quality of service delivery.
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